Objective: To evaluate the efficacy of duct tape occlusion therapy for the treatment of common warts in adults.
W ARTS (VERRUCAE vulgaris) are benign skin tumors caused by doublestranded DNA viruses called papillomaviruses. Although the prevalence of common warts in the general population is unknown, warts occur in approximately 5% to 20% of children and young adults. [1] [2] [3] [4] [5] [6] The most common therapies for warts include destruction (cryotherapy, salicylic acid, laser, electrodesiccation, curettage, etc), topical immunotherapy, chemotherapy, occlusion, and even hypnosis. These treatments are limited by cost, poor patient compliance, pain, and/or efficacy. 7 A 2001 Cochrane review stated that "there is a considerable lack of evidence on which to base the rational use of local treatments for common warts." 7 According to that review, the therapy with the best evidence reported was topical salicylic acid, which achieved 75% resolution rates among the compiled data. 7 Several reports have suggested that occlusion with adhesive tape is an effective treatment for warts. In 1978, Litt 8 reported that 9 patients (aged 7-20 years) with periungual warts had resolution within 3 months of beginning weekly occlusive white adhesive tape therapy. In a letter to the editor of American Family Physician in 1998, Walbroehl 9 reported a success rate of nearly 80% with this modality in his own practice after 4 weeks of therapy (details not reported). In 2002, Focht and colleagues 10 published the results of a prospective randomized controlled trial of 61 patients (aged 3-22 years) who received either cryotherapy (10 seconds every 2-3 weeks for up to 6 treatments) or duct tape occlusion ("stan-dard" duct tape [brand not reported] in 6-day increments) for up to 2 months. Eighty-five percent (22/26) of the patients using duct tape therapy had complete resolution of their warts compared 60% (15/25) of the patients receiving cryotherapy (P = .05). Although the results of that study were widely reported, it had several major limitations. There was likely incomplete blinding of the investigators and subjects, and follow-up was incomplete. A letter to the editor of American Family Physician 11 following the report of that study urged that larger randomized trials were necessary to assess the efficacy of duct tape therapy for warts in various anatomic locations and to evaluate recurrence rates. Another letter to the Archives of Pediatrics & Adolescent Medicine 12 stated, "It would be premature to conclude that duct tape has special prowess in stimulating the immune system," and also stated that further investigations were warranted. Given that duct tape therapy is inexpensive and relatively painless, we were interested in further evaluating this therapy. The purpose of this study was to evaluate the efficacy of duct tape in a double-blind randomized controlled fashion in an adult population.
METHODS

STUDY POPULATION
This study was approved by the Human Studies Subcommittee of the Minneapolis Veterans Affairs Medical Center. Inclusion criteria included the following: (1) ability to comprehend and provide informed consent; (2) age greater than 18 years; and (3) at least 1 common wart with a diameter of 2 to 15 mm. Exclusion criteria included any of the following: (1) pregnancy or lactation (in women); (2) treatment of the target wart within the past 4 weeks by any modality; (3) immunodeficiency (related to cancer chemotherapy, systemic corticosteroid therapy, genetic immunodeficiency, transplant status, etc); (4) presence of a genital wart only; or (5) history of hypersensitivity or allergy to adhesive tape or latex.
INTERVENTION
Patients were randomized to receive duct tape (treatment group) or moleskin (control group). Allocation to these 2 groups was determined by a computer-generated randomization log accessible only to a research pharmacist. The investigators and participants were blinded to the randomization status. This was achieved by disguising both modalities to appear identical. Duct tape (Scotch Transparent Duct Tape; 3M, St Paul, Minn) was applied to the adhesive side of moleskin (Dr Scholl's Moleskin Plus; Schering-Plough HealthCare Products, Memphis, Tenn) and cut into pads. The control group received cut moleskin pads without duct tape. Both the duct tape and moleskin pads had a waxed-paper backing covering the adhesive surface before use. In both study groups, the pads were cut into 3 different sizes to accommodate different wart diameters: small (Ͻ5 mm), medium (6-10 mm), and large (10-15 mm).
PROTOCOL
The study protocol was based on the regimen of Focht et al. 10 Patients were seen 3 times during the study: at baseline, 1 month, and 2 months. At the baseline visit, the target wart was chosen as the largest wart fulfilling the study criteria. At each visit, the location, diameter, and height of all (target and nontarget) warts were documented. Only the target wart, however, was treated during the study period. The target wart was pared with a No. 15 scalpel blade, and the first application was demonstrated by the investigator. Patients were instructed to wear a single pad for 7 days, remove the pad on the evening of day 7, and use nothing on the wart overnight. The morning of day 8, patients were instructed to soak and lightly debride the target wart with a coarse-grit emery board (provided) and then apply a new pad. This cycle was repeated for the entire treatment period of 2 months. If a pad fell off before day 7, a new pad was applied. Reinforcing tape (Silopad Digital Cap [Silipos Inc, Niagara Falls, NY], Coban wrapping tape [3M], Tegaderm [3M], and/or Restore [Hollister Inc, Libertyville, Ill]) was also permitted, if required, to hold the pads in place. Nearly all subjects required some type of reinforcing tape. If the patient believed that there was complete resolution of the target wart before the next scheduled visit, the patient was seen as soon as possible in an ad hoc visit, during which final end points were collected and study treatment was discontinued. If there was complete resolution of the target wart during the study period, the patient was contacted by telephone 6 months after resolution to obtain information regarding recurrence of the target wart. During the study period, subjects were instructed not to use any over-thecounter or prescription wart preparations or therapies. Data were collected on all patients whether or not treatment was completed according to the protocol.
ANALYSIS
The objective of this intent-to-treat study was to determine the efficacy of duct tape occlusion for the treatment of verruca vulgaris. The primary outcome was complete resolution of the target wart (global assessment) anytime during the 2-month treatment period. Secondary outcomes included a change in the size of the target wart (diameter and height) and recurrence of the target wart at 6 months. The Fisher exact test was used to compare the differences between treatment groups in complete resolution of the target wart (global assessment) and recurrence rate of the target wart at 6 months. Two-sample t tests were used to compare differences between groups in the change in size of the target wart and time to resolution of the target wart. Logistic regression analyses were used to evaluate the association between duration and resolution.
On the basis of the study by Focht et al, 10 which used a similar outcome measurement, we predicted that the mean difference in the proportion of patients with resolution of the target wart at the end of active treatment would be at least 35% between the treatment and control groups. We calculated that a sample size of 80 would provide 80% power and that a sample size of 90 would provide 96% power, assuming a 20% loss to follow-up and ␣=.05.
RESULTS
BASELINE CHARACTERISTICS
In all, 238 individuals were screened between October 1, 2004, and July 31, 2005. Ninety individuals with a total of 126 warts met the study criteria and were enrolled and randomized to either the control group (moleskin, n=46) or the treatment group (duct tape, n=44) (Figure) . Baseline demographic data are summarized in the Table. No statistically significant differences were found between the treatment arms with respect to any of the categories at baseline. There was also no statistically significant dif- 
RESOLUTION OF THE TARGET WART
At the end of treatment, there were no statistically significant differences in resolution rates of patients in the treatment group (8/39 [21%]) compared with the control group (9/41 [22%]) (PϾ.99). Three of the 9 patients in the control arm who achieved complete resolution did so within the first month of treatment, whereas none in the treatment group achieved resolution of the target wart within the first month (P = .24). During the treatment period, the mean diameter and height of the target wart decreased regardless of study group assignment, and there were no statistically significant differences in the decrease in diameter or height between treatment groups at the 1-or 2-month visits (mean differences, all Ͻ0.4 mm; PϾ.11 for all). There were also no statistically significant differences between the 2 treatment groups at the 1-and 2-month visits for the proportion of individuals with a diameter decrease of at least 1 mm and for the proportion of individuals with a diameter decrease of at least 2 mm.
Neither the location of the target wart (all categories, finger vs nonfinger) nor prior treatment (liquid nitrogen or salicylic acid) was associated with resolution of the target wart at 1 or 2 months. Regardless of the treatment arm, Mantel-Haenszel and logistic regression analyses showed that the success of the therapy was not associated with the number of warts. Logistic regression analyses showed that duration of the target wart alone was associated with its complete resolution at month 2 (P=.006), after adjusting for treatment group effect (treatment group was not statistically significant; P =.30). Of the warts that achieved resolution, the duration of the wart prior to enrollment in the study was statistically significantly less than that of nonresolved warts (odds ratio,0.97; 95% confidence interval, 0.95-0.99).
RECURRENCE OF THE TARGET WART
One third of the patients in the control group (3/9) and 75% of the patients in the treatment group (6/8) who had complete resolution by the end of the study reported recurrence of the target wart at month 6 (P =.15). The earliest recurrence was at month 3 for the control group (mean time to recurrence, 3.7 months). The mean time to recurrence in the treatment group was 3.2 months. 
ADVERSE EVENTS
Only 2 individuals experienced adverse events. One participant reported numbness of the finger after wrapping a securing bandage too tightly over the study pad; another reported bleeding while using the control pad.
RESOLUTION OF NONTARGET WARTS
Resolution rates for nontarget warts were not statistically significantly different by study group at either the 1-or 2-month visit. Disregarding randomization, there was a borderline statistically significant association between resolution of the target wart (17/90 [19%] ) and resolution of nontarget warts (6/15 [40%]) at month 2 (P=.05).
COMMENT
We found that occlusion with transparent duct tape was not statistically significantly more effective than moleskin for treating common warts in adults. To our knowledge, this is the first double-blind controlled trial investigating this therapy. The therapeutic mechanism for duct tape for treatment of verrucae is unknown, but several theories have been proposed. The lay media often propose the theory that occlusion leads to a deprivation of oxygen to the virus, essentially leading to "suffocation." A second is that duct tape debrides and debulks the wart. 13 Allen and Dveirin 12 suggested that duct tape may work by psychological means, which may work better in children than in adults. Still another theory is that the duct tape occlusion creates a "macerating and keratolytic environment," 14 which perhaps stimulates an immune response. The results of our study suggest that occlusion itself is not the therapeutic mechanism because the overall success rates were low in both treatment groups.
The study by Focht et al 10 found that 22 (85%) of 26 pediatric patients achieved resolution of warts with duct tape therapy compared with 8 (21%) of 39 adult patients in our study. This difference could be due to several study design factors. The first major difference is in the age of the study populations. The study by Focht et al consisted primarily of children (mean age, 9 years) compared with our adult population (mean age, 54 years). In the pediatric population, it has been estimated that up to 65% of warts resolve spontaneously within 2 years, 15 whereas some researchers believe that spontaneous resolution of warts occurs rarely in adults. 16 A similar inverse relationship between age of subjects and response rates to wart treatment has been documented in the literature by Horn et al 17 in a 3-arm study that assessed the efficacy of antigen injection vs interferon injection vs control (isotonic sodium chloride solution) for the treatment of warts. In that study, the nonresponders tended to be older than the responders, and further analysis showed that age younger than 40 years was positively associated with probability of a response. 17 Preliminary results of interim data of a study by Salk et al 14 also reported only a 10% cure rate after duct tape occlusion in a study of adults (further details of the study were not reported). Second, the study by Focht et al 10 excluded warts that had been previously treated. Third, while the average size and location of the warts in the study by Focht et al were similar (mean diameter, 5.2 mm; 96% of the warts located on the hands and feet) to the warts in our study (mean diameter, 5.3 mm; 98% of the warts located on the hands and feet), it is likely that the patients in our study had more recalcitrant warts because the average disease duration was approximately 10 years (the disease duration was not reported in the study by Focht et al). Fourth, although the investigators in the study by Focht et al were blinded to treatment allocation, it is likely that this blinding was not completely effective; the clinical appearance of a wart treated with liquid nitrogen can be significantly different from that of a wart treated with tape occlusion. Standard cryotherapy often causes erythema, skin discoloration, crusting, and vesicles, whereas occlusion often causes maceration-2 very distinct clinical appearances. In our study, both study groups received an occlusive therapy, and the clinical appearance of the 2 interventions was indistinguishable. Finally, parental assessment of wart resolution was used as an end point for some of the patients in the study by Focht et al. In our study, all clinic visit assessments were performed by physicians.
Another possible explanation for the different results between our study and the one by Focht et al is that the type of duct tape was different. To blind the treatment modality in our study, transparent duct tape was used. When we were designing the protocol for this study, a product manager at 3M (individual's name not recorded, oral communication, June 30, 2004) noted that "all 3M duct tape, including the new transparent duct tape, consists of . . . a rubber-based adhesive." It was therefore determined that transparent duct tape could be used as an adequate alternative to standard silver duct tape for blinding purposes. After completion of the study, however, conflicting information was obtained from 3M (and verified to be correct) that transparent duct tape actually contains an acrylic-based adhesive, whereas standard silver duct tape contains a rubber-based adhesive (Ron Flemming, Construction and Home Improvement Markets Division of 3M, oral communication, January 19, 2006). Moleskin also uses an acrylic-based adhesive. Thus, it is possible that the rubber-based adhesive or other components of an adhesive not found on our study tape are required for effective treatment of warts.
This study had several limitations. First, many patients had difficulty keeping the pads in place despite the use of additional securing dressings. It can be assumed, therefore, that some warts were likely uncovered for periods of time. If large pieces of duct tape were used (as would be typical in clinical practice) rather than cut pads (such as were used as in our study), compliance with treatment would likely improve. Second, because the type of adhesive in the transparent duct tape used in this study differs from that of standard silver duct tape, it is possible that the adhesive (or some other component) of standard silver duct tape may be effective for the treatment of warts. Future studies evaluating different types of adhesives are needed to further elucidate this issue.
